Liberal or high-sodium (HS) intake, in conjunction with an activated renin-angiotensin-aldosterone system, increases cardiovascular (CV) damage. We tested the hypothesis that sodium intake regulates the type 1 angiotensin II receptor (AT 1 R), mineralocorticoid receptor (MR), and associated signaling pathways in heart tissue from healthy rodents. HS (1 . 6% Na C ) and low-sodium (LS; 0 . 02% Na C ) rat chow was fed to male healthy Wistar rats (nZ7 animals per group). Protein levels were assessed by western blot and immunoprecipitation analysis. Fractionation studies showed that MR, AT 1 R, caveolin-3 (CAV-3), and CAV-1 were located in both cytoplasmic and membrane fractions. In healthy rats, consumption of an LS versus a HS diet led to decreased cardiac levels of AT 1 R and MR. Decreased sodium intake was also associated with decreased cardiac levels of CAV-1 and CAV-3, decreased immunoprecipitation of AT 1 R-CAV-3 and MR-CAV-3 complexes, but increased immunoprecipitation of AT 1 R/MR complexes. Furthermore, decreased sodium intake was associated with decreased cardiac extracellular signal-regulated kinase (ERK), phosphorylated ERK (pERK), and pERK/ ERK ratio; increased cardiac striatin; decreased endothelial nitric oxide synthase (eNOS) and phosphorylated eNOS (peNOS), but increased peNOS/eNOS ratio; and decreased cardiac plasminogen activator inhibitor-1. Dietary sodium restriction has beneficial effects on the cardiac expression of factors associated with CV injury. These changes may play a role in the cardioprotective effects of dietary sodium restriction.
Introduction
An extensive body of clinical and pre-clinical literature documents the adverse cardiovascular (CV) effects of angiotensin II (ANGII; Schmieder et al. 2007) . Recent studies suggest that aldosterone or mineralocorticoid receptor (MR) activation is a major factor contributing to CV dysfunction and damage, either in combination with or in lieu of ANGII (Pitt et al. 1999 , Pitt et al. 2003 , Marney & Brown 2007 , Benard et al. 2009 , Garg & Adler 2009 ). Dietary sodium intake is an important modulator of ANGII/aldosterone-induced CV damage. Multiple animal studies have demonstrated a decrease in ANGII/aldosterone-induced CV damage with sodium restriction, despite the increase in plasma renin activity (PRA), ANGII, and aldosterone. Furthermore, the decrease in CV injury is not mediated by decreases in blood pressure (BP; Rocha et al. 2000 , Martinez et al. 2002 , Johansson et al. 2009 .
With the goal of further defining the effects of sodium intake on CV pathophysiology, we determined the effects of liberal or high-sodium (HS) and low-sodium (LS) diets on aldosterone and ANGII pathways in the hearts of healthy rodents. We examined the cardiac protein levels of receptors for ANGII and aldosterone and the protein levels of other factors that may modify the actions of these two hormones, specifically caveolins. Caveolae and their associated proteins (caveolins) and striatin, a caveolinassociated protein, were recently shown to mediate the non-genomic actions of steroids (Lu et al. 2004) and to participate in activation of signaling transduction pathways of membrane receptors, including steroid receptors and type 1 angiotensin II receptor (AT 1 R; Ushio-Fukai et al. 2005 . We also assessed extracellular signal-regulated kinase (ERK) activity and plasminogen activator inhibitor-1 (PAI-1) as these factors are activated by both ANGII and aldosterone and have adverse effects on the heart (Oestreicher et al. 2003) . Finally, the effects of sodium intake on cardiac endothelial nitric oxide synthase (eNOS) activity were assessed as NO has beneficial CV effects that could counter the adverse effects of ANGII/ aldosterone. Thus, the goal of this study was to test the hypothesis that dietary sodium restriction has beneficial effects on the heart by reducing cardiac expression of AT 1 R, MR, associated signaling transduction proteins, and inflammation.
Materials and Methods

Experimental animals
The studies were conducted in accordance with Harvard Medical School institutional guidelines for the humane treatment of animals. Eight-week-old male Wistar rats, weighing 225-250 g, were obtained from Charles River Laboratories, Inc. (Wilmington, MA, USA). All animals were housed in a room lighted 12 h/day at an ambient temperature of 22G1 8C. Animals were allowed 1 week to recover after arrival and had free access to Purina Rat Chow 5001 (Ralston Purina Co., St Louis, MO, USA) and tap water until the initiation of the experiment. To assess the influence of dietary sodium restriction, rats were randomized to one of the two treatment groups: HS rat chow containing 1 . 6% Na C or LS rat chow containing 0 . 02% Na C for 6 days before the experiments.
BP measurements
Systolic BP was assessed by tail-cuff plethysmography on day 6, prior to the animals being killed as previously reported (Martinez et al. 2002 , Oestreicher et al. 2003 , Pajoga et al. 2010 .
Experimental procedures
Western blot analysis Heart tissues were homogenized in 1 ml ice-cold lysing solution (Bio-Rad Cell Lysis Kit -Cat #171-304012). The ground tissue was transferred to a clean microcentrifuge tube and frozen at -70 8C. Homogenates were then thawed and sonicated on ice (Fisher Sonic Dismembrator, model 300, Fisher Scientific, Pittsburgh, PA, USA). Samples were then centrifuged at 3220 g for 4 min at 4 8C. Supernatant was collected without disturbing the pellets. Protein concentration in the supernatant was determined using modified Lowry assay (RC DC protein assay, Bio-Rad Cat #500-0119, Bio-Rad). Supernatants (20 mg of protein concentration) were combined at least 1:2 with sample buffer (62 . 5 mM Tris, pH 6 . 8, 2% SDS, 25% glycerol, 0 . 01% bromophenol blue, and 200 mM b-mercaptoethanol), heated at 95 8C for 4 min, and size fractionated by electrophoresis on 12 . 5% SDS-polyacrylamide gels using 1! of the following 10! buffer: 250 mM Tris base, 1 . 92 M glycine, and 34 . 7 mM SDS. Proteins were electrophoretically transferred to Hybond enhanced chemiluminescence (ECL) nitrocellulose membranes (Amersham Biosciences) using the following transfer buffer: 25 mM Tris, 192 mM glycine, and 20% v/v methanol, pH 8 . 3. The membranes were blocked in 5% non-fat dried milk in PBS-T (80 mM Na 2 HPO 4 anhydrous, 20 mM NaH 2 PO 4 , 100 mM NaCl, and 0 . 1% Tween 20) for 1 h at room temperature on an orbital shaker. Primary antibody incubation was incubated overnight at 4 8C with antibody diluent consisting of 1% non-fat dried milk in PBS-T. Equal loading was assessed by reprobing membranes with an antibody to b-actin (Clone AC-15, Sigma 1:5000). After overnight incubation, the bound antibody was detected by ECL (Western Lightning Reagent Plus, Perkin Elmer Life Sciences, Boston, MA, USA) with HRP-conjugated goat anti-rat IgG (Cat #sc-2006, Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA, dilution 1:3000) or goat anti-mouse IgG (Cat #sc-2005, Santa Cruz Biotechnology, Inc., dilution 1:5000) or goat anti-rabbit IgG (Cat #sc-2004, Santa Cruz Biotechnology, Inc., dilution 1:5000). Developed X-ray films were scanned and densitometric analysis was performed with the ImageQuant 5.2 Software (Molecular Dynamics, Piscataway, NJ, USA). To control for inter-gel variations, we used the following procedure. On each 15-well mini-gels, we analyzed three to four samples from each of the two treatment groups; two samples were used for normalization between mini-gels. All western blots were re-probed once with anti-bactin antibody and the protein of interest was normalized to b-actin to correct for loading variability. Samples were re-analyzed on a separate western blot to confirm results. All values were expressed relative to b-actin levels.
Preparation of membrane and cytoplasmic fractions from heart tissues To separate the proteins from membrane and cytoplasmic fractions from heart tissues, we used the compartmental protein extraction kit from BioChain Institute, Inc. (Hayward, CA, USA) as described previously (Sharma-Walia et al. 2004 ). In brief, 1 g heart tissue was chopped into small pieces and then homogenized using buffer C (cytoplasmic) provided in the kit. The extraction was mixed gently at 4 8C for 20 min and then spun down at 18 000 g at 4 8C for 20 min. The cytoplasmic protein fractions (the supernatant) were removed and transferred into a clean tube. The pellet was re-suspended with cold buffer C on ice. The solution was mixed gently at 4 8C for 5 min and then centrifuged at 18 000 g at 4 8C for 20 min. The supernatant was removed and the pellet was re-suspended with cold buffer M (membrane) provided in the kit. The solution was mixed gently at 4 8C for 20 min and centrifuged at 9000 g at 4 8C for 20 min. The membrane proteins in the supernatant were transferred into a clean tube. Protein concentration in the cytoplasmic and membrane fractions was determined using modified Lowry assay (RC DC protein assay, Bio-Rad Cat #500-0119, Bio-Rad). Proteins were stored at K70 8C until western blot and immunoprecipitation analysis were performed.
Immunoprecipitation Proteins were extracted from heart tissues following western blot protein extraction procedure described above. Total protein extract (250 mg) was incubated with 5-10 ml of antibody (amount of antibody used was according to manufacturer recommendations) in 1! RIPA buffer (Cat #20-188, Upstate Cell Signaling Solutions, Temecula, CA, USA; 0 . 5 M Tris-HCl, pH 7 . 4, 1 . 5 M NaCl, 2 . 5% deoxycholic acid, 10% NP-40, and 10 mM EDTA). The mixture of protein extract and antibody was placed on rotator (model #415110, Barnstead V RICCHIUTI and others . Sodium intake regulates AT 1 R and MR in heart International) for 2 h at 4 8C. Protein A/G Plus agarose (20 ml; Cat #sc-2003, Santa Cruz Biotechnology, Inc.) was added into mixture and solution containing protein, antibody, and agarose agent was incubated over night at 4 8C. Samples were centrifuged, and the pellet was washed four times in 1! RIPA buffer. The pellet was suspended in 40 ml of loading buffer and 10 ml were used for electrophoresis followed by western blot analysis as described above.
Antibodies We tested two anti-MR antibodies (Cat #sc-11412, Santa Cruz Biotechnology, Inc., dilution 1:1000 and one kindly provided by Gomez-Sanchez et al. (2006)) to determine which would be more useful on tissue extracts from hearts. As shown in Fig. 1 , the ability of both antibodies to bind to MR in western blot is similar. Because the results were the same, we chose the Santa Cruz antibody because of its higher concentration.
In addition to the anti-MR, we used an antibody to AT 1 R (Cat #sc-1173, Santa Cruz Biotechnology, Inc., dilution 1:1000) for western blot analysis. We previously demonstrated the specificity of the Santa Cruz AT 1 R antibody (sc-1173) by performing peptide competition studies with a blocking peptide specific to the sc-1173 antibody . Furthermore, we demonstrated excellent correlation between western blot results using sc-1173 antibody and quantification of AT 1 R in tissue by radioligand binding with I 125 -labeled ANGII . The following antibodies were also used: caveolin-1 (CAV-1; Cat# RDICAVEOL1abrx, Research Diagnostics, Concord, MA, USA, dilution 1:5000), CAV-3 (Cat #RDI-CAVEOL3abrx, Research Diagnostics, Concord, dilution 1:10 000), eNOS (Cat #610298, BD Transduction Laboratories, San Jose, CA, USA, dilution 1:2500), phosphorylated eNOS (peNOS; Cat #9571S, Cell Signaling, Danvers, MA, USA, dilution 1:1000), PKC (Cat #610107, BD Transduction Laboratories, dilution, 1:1000), PKCd (Cat #610397 BD Transduction Laboratories, dilution 1:1000), ERK1/2 (Cat #4696, Cell Signaling, dilution 1:2000), phosphorylated ERK1/2 (pERK1/2; Cat #9101S, Cell Signaling, dilution 1:2000), PAI-1 (Cat #612024, BD Transduction Laboratories, dilution 1:2500), striatin (Cat #AB5779, Millipore, Billerica, MA, USA, dilution 1:500), b-actin (Cat #A1978, Sigma-Aldrich, dilution 1:5000), GAPDH (Cat #AB9482, Abcam, dilution 1:5000), and Cadherin (Cat #AB6529, Abcam, dilution 1:200).
Assays and analyses Plasma aldosterone was measured
with DPC Coat-A-Count RIA (DPC Diagnostic Products, Los Angeles, CA, USA). Urinary aldosterone obtained from a 24 h sample collection was extracted and quantified using aldosterone DPC Coat-A-Count. The PRA determination involved an initial incubation of plasma to generate angiotensin I, followed by quantitation by RIA (DiaSorin, Stillwater, MN, USA). Urine sodium (Na C ) and potassium (K C ) were measured by ion-selective electrodes (Roche Diagnostics). Urine creatinine (Cr) was measured by buffered kinetic Jaffé reaction without deproteinization (Roche Diagnostics).
Statistical analysis
The statistical significance of the differences between group means for the data were determined by two-sided t-tests using ABI Prism Software (Applied Biosystems Corporation, Foster City, CA, USA). Differences in means with P values %0 . 05 were considered statistically significant. Values are expressed as meanGS.E.M.
Results
Effect of dietary sodium on the renin-angiotensin-aldosterone system
Rodents receiving a LS diet (similar to a severely restricted sodium intake in humans -10 mmol/day), compared with a HS diet (similar to a moderately HS intake in humans -250 mmol/day; Rogacz et al. 1987) , had lower sodium to Cr ratio in a 24 h urine collection and an activated renin-angiotensin-aldosterone system (RAAS; Figure 1 Representative western blots for MR from Dr GomezSanchez (GS) versus MR from Santa Cruz (SC) in rats on highsodium (HS) and low-sodium (LS) diets. Specifically, PRA levels were increased more than twofold and plasma and urine aldosterone levels were increased three-to five-fold (Table 1) . Our results showed that systolic BP was about 5 mmHg lower on the LS versus HS diet (Table 1) .
Effect of sodium intake on AT 1 R and MR in rat heart
Cardiac levels of AT 1 R and MR protein were decreased in rats on LS compared to HS diet ( Fig. 2A and B) : a 10 . 6-fold decrease for AT 1 R and 2 . 4-fold decrease for MR. No change was observed in b-actin expression (Fig. 2C) . A LS intake also led to decreases in CAV-1 and CAV-3 ( Fig. 2D and E) ; however, levels of an early transduction pathway protein, striatin, were increased (Fig. 2F) . Immunoprecipitation studies using antibodies to AT 1 R or MR resulted in immunoprecipitation of CAV-3, suggesting an association of CAV-3 with both AT 1 R and MR; these associations were reduced in animals receiving a LS diet ( Fig. 2G and H ).
Immunoprecipitation studies also showed an association of AT 1 R with MR. Despite the reduction in protein levels of cardiac AT 1 R and MR, there was an increase in AT 1 R/MR association with dietary sodium restriction (Fig. 2I) .
Effect of sodium intake on signaling molecules
Cardiac levels of ERK and pERK were decreased under LS condition when compared with a liberal sodium intake ( Fig. 3A and B) . Furthermore, the ratio of pERK to ERK was reduced with LS diet (Fig. 3C) , suggesting that there is a decrease in the efficiency of ERK phosphorylation as well as a decrease in overall protein levels. Similarly, other components of the ERK pathway, e.g. cardiac levels of PKCd and total PKC, were reduced under the LS condition ( Fig. 3D-F) . LS diet was also associated with a decrease in cardiac levels of eNOS and peNOS ( Fig. 4A and B) . However, the ratio of peNOS to eNOS was increased (Fig. 4C) , suggesting a potential increase in the efficiency of eNOS activation with dietary sodium restriction.
Effect of sodium intake on PAI-1
Levels of the prothrombotic factor PAI-1 were reduced in hearts of rodents on LS compared with HS diets (Fig. 4D ).
Interaction between AT 1 R, MR, CAV-1, and CAV-3 in cytosol versus membrane
We performed additional studies to address the interaction between MR, AT 1 R, CAV-3, and CAV-1 in the membrane versus the cytoplasmic fractions. We used GAPDH to assess the purity of our membrane fraction and cadherin to assess the purity of the cytoplasmic fraction. As can be seen in Fig. 5A and B, both preparations were free of contamination by the other fraction. Our results showed that MR, AT 1 R, CAV-1, and CAV-3 are all located in both fractions Figure 2 Low-sodium diet reduced cardiac AT 1 R, MR, and caveolins but increased cardiac striatin and modulated interactions of AT 1 R, MR, and CAV-3 in heart cardiac levels of AT 1 R (A), MR (B), and b-actin (C) in rats on high-sodium (HS, black bars) and low-sodium (LS, open bars) diets. Cardiac levels of CAV-1 (D), CAV-3 (E), and striatin (F) in rats on HS (black bars) and LS (open bars) diets. AT 1 R, MR, CAV-1, and CAV-3 and striatin levels are expressed relative to b-actin levels (relative value). Co-immunoprecipitation studies were performed on cardiac extracts from rats on HS (black bars) and LS (open bars) diets. Extracts underwent immunoprecipitation (IP) with antibodies to AT 1 R (G) or MR (H and I) followed by western blot analysis (WB) using antibodies to CAV-3 (G and H) or AT 1 R (I). Graphs show the results of the densitometric quantification of the AT 1 R-CAV-3 complex (G), MR-CAV-3 complex (H), and MR-AT 1 R complex (I). Representative western blots for three animals on HS (left lanes) and three animals on LS (right lanes) diets are shown above each graph. nZ7 per group. *P!0 . 05 and **P!0 . 01.
V RICCHIUTI and others . Sodium intake regulates AT 1 R and MR in heart ( Fig. 5A and B) . The approach used does not allow a quantitative assessment of their relative abundance in each fraction. Immunoprecipitation studies demonstrate a strong interaction between MR and AT 1 R as well as MR and CAV-3 in both the cytoplasmic and the membrane fractions. Importantly (and serving as negative controls), MR does not co-precipitate with either GAPDH in the cytoplasmic fraction or cadherin in the membrane fraction. Thus, the change in co-precipitation of MR-AT 1 R levels between liberal and low-salt intakes in Fig. 2I could be occurring either in the membrane or cytosol or both.
Discussion
This study demonstrates that dietary sodium restriction reduces cardiac levels of proteins associated with CV injury (MR, AT 1 R, pERK, and PAI-1) in rodents. Since AT 1 R and MR are known to activate the ERK signaling pathway, it is likely that the decrease in cardiac AT 1 R and MR and/or the increase in association of AT 1 R and MR lead to decreased ERK pathway signaling in rodents consuming an LS diet. LS intake, which increases circulating levels of the RAAS, is associated with decreased levels of AT 1 R in vessels and adrenal glomerulosa (Williams et al. 1976 , Bellucci & Wilkes 1984 . The decreases in AT 1 R have been attributed to downregulation of AT 1 R by the elevated ANGII levels associated with dietary sodium restriction -the classic ligand/receptor relationship (Williams et al. 1976 , Bellucci & Wilkes 1984 . Our results, demonstrating a decrease in cardiac AT 1 R and MR in rodents on a LS diet, are consistent with a similar process occurring in the heart. However, other investigators have suggested that tissue RAAS activity is regulated independently of circulating RAAS (Dzau 1987 , Bader et al. 2001 . Additional possible mechanistic explanations for the dietary-induced changes in cardiac AT 1 R and MR include changes in cardiac filling or BP. Though we did not assess the effect of dietary sodium on cardiac filling in our study, other investigators (Doi et al. 2000) have demonstrated that a very high 3 . 2% sodium (8% NaCl) diet for 6 weeks did not alter left ventricular diastolic filling compared to rodents on a low 0 . 12% sodium (0 . 3% NaCl) diet. Twelve weeks of the 3 . 2% sodium diet did induce changes. Since the liberal sodium diet in the current study was 1 . 6% sodium for only 6 days, it is unlikely that changes in cardiac filling led to changes in cardiac AT 1 R and MR. In our study paradigm, mean systolic BP was 4 . 7 mmHg higher in mice on the liberal sodium versus LS diet; cardiac AT 1 R levels were increased about tenfold and MR levels 2 . 4-fold.
While we consider it unlikely, we cannot exclude the possibility that this change in BP, within the normotensive range for 6 days, contributed to the observed changes in cardiac AT 1 R and MR. If, as we propose, ANGII downregulates the cardiac AT 1 R, this raises the question as to how ANGII infusions induce cardiac injury in rodents on HS diet . It is likely that in animals on a high or average salt intake, the presence of CV damage in ANGII-infused animals reflects an inability of the infused ANGII to appropriately downregulate the AT 1 R. Potentially, there are tissue-specific factors and/or additional dietary sodium-associated factors that affect AT 1 R levels and/or other mediators of CV risk. In contrast, on the low-salt diet, where the dietary condition per se has already downregulated the receptor, the addition of infused ANGII does not cause CV damage potentially because there is no imbalance between the ANGII level and the level of the AT 1 R. However, the LS diet may have additional protective effects, e.g. decreased MR, pERK and PAI-1, and increased peNOS/eNOS ratio.
The decrease in ERK phosphorylation in hearts of rats on a LS diet may have been secondary to the reduction in cardiac AT 1 R and MR as activation of these receptors leads to ERK phosphorylation (Marney & Brown 2007) . In addition, the increase in the association of AT 1 R and MR may impair signaling through either AT 1 R or MR and thus contribute to a decrease in ERK pathway signaling with dietary sodium restriction. Furthermore, decreases in cardiac PAI-1 with dietary sodium restriction are a likely reflection of the decreases in cardiac AT 1 R, MR, and pERK, since AT 1 R, MR, and ERK pathway activation all increase PAI-1 (Marney & Brown 2007) . Thus, our studies suggest that dietary sodium restriction has beneficial cardiac effects despite the elevation in systemic ANGII and aldosterone. These changes in cardiac AT 1 R and MR may provide one mechanism for the decrease in myocardial necrosis, inflammation, and fibrosis with dietary sodium restriction in animal models of aldosterone-mediated CV injury (Rocha et al. 2000 , Garg & Adler 2009 . In future studies, it would be useful to ascertain the long-term relationship between different dietary sodium intakes and expression of cardiac AT 1 R and MR. Given the key roles AT 1 R and MR play in the pathophysiology of CV disease, understanding these effects of dietary sodium would be particularly relevant in models of CV disease, e.g. hypertension and heart failure, where inappropriate regulation of cardiac AT 1 R and MR potentially could have adverse CV effects.
Studies with another steroid receptor, the estrogen receptor a (ERa), have demonstrated interactions between CAV-1 and ERa and the association of ERa with caveolae, invaginated domains of plasma membrane that contain multiple signaling proteins (Klinge et al. 2008) . Activation of the ERa-eNOS membrane-signaling complex within caveolae leads to rapid activation of downstream pathways including eNOS (Chambliss et al. 2000) . As occurs with ERa, we found an association between both CAV-1 and CAV-3 and the MR. Furthermore, we demonstrated interactions between CAV-3 and AT 1 R, as has been reported (Ushio-Fukai & Alexander 2006) , and between MR and AT 1 R. Both AT 1 R and MR were located in the membrane and cytoplasmic fractions, and immunoprecipitation studies revealed strong interactions between MR and AT 1 R in both fractions. These results suggest that the change in co-precipitation of AT 1 R and MR when sodium intake was restricted is likely to be occurring in both fractions.
The increased ratio of peNOS to eNOS in hearts of rodents on an LS diet suggests an increased efficiency in the conversion of eNOS to peNOS, which could have beneficial cardiac effects given the key role of peNOS in the generation of the vasodilator NO. However, the overall reduction in total and peNOS with LS diet raises some questions as to the benefit of LS diet on the cardiac eNOS system. While the mechanism for the increase in peNOS to eNOS ratio was not established, dietary sodium restriction decreased cardiac caveolins and increased cardiac striatin, a protein that associates with both CAV-1 and ERa. Decreases in CAV-1 and increases in striatin are linked to increases in ER activation of eNOS and increased NO production (Lu et al. 2004) . The ability of sodium intake to modulate cardiac caveolins in this study in rats confirms a previous report in mice . However, in contrast to these studies, there was no significant effect of sodium restriction in mice on phosphorylation of eNOS , perhaps reflecting differences in the experimental procedures between the current and previous study or differences in the responses to sodium restriction between mice and rats. Because caveolins and caveolae play a key role in signaling by multiple receptors, it is quite possible that dietary-induced changes in caveolae-associated proteins could affect multiple signaling pathways in addition to those involving AT 1 R and MR. One of the limitations of the study was that the limited amount of heart tissue led us to choose to focus on markers that were previously shown in our group to be involved in molecular pathways of adverse CV events (Ricchiuti et al. 2009 ). We did not examine the effect of dietary sodium on cardiomyocyte hypertrophy or cardiac fibrosis. Additional studies are needed to determine whether dietary sodium affects these parameters or the activity of other pathways involved in cardiac protection and injury and to determine the applicability of our findings in rats to human physiology.
In conclusion, dietary sodium restriction produces substantial beneficial effects on the cardiac expression of factors associated with CV injury, reducing pathways involved in cardiac injury (MR, AT 1 R, ERK, and PAI-1) and potentially stimulating cardioprotective mechanisms (via NO pathways). These changes may play a role in the cardioprotective effects of dietary sodium restriction and could provide entrée to the assessment of ways to pharmacologically mimic the effects of sodium restriction to reduce CV risk in humans.
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